Abstract�Two dissociations between short-and long-range motion in visual search are reported. Previous research has shown parallel processing for short-range motion and apparently serial processing for long-range motion. This finding has been replicated and it has also been found that search for short-range targets can be impaired both by using bicontrast stimuli, and by prior adaptation to the target direction of motion. Neither factor impaired search in long-range motion displays. Adaptation actually facilitated search with long-range displays, which is attributed to response-level effects. A feature-integration account of apparent motion is proposed. In this theory, short-range motion depends on specialized motion feature detectors operating in parallel across the display, but subject to selective adaptation, whereas attention is needed to link successive elements when they appear at greater separations, or across opposite contrasts.
INTRODUCTION
Apparent motion is seen when two similar stimuli are presented in quick succession at some spatial displacements.
We perceive one object moving from one location to the other, when there is in fact no real motion involved. Psychological research on this phenomenon dates back to Wertheimer (1912 , cited in Goldstein, 1980 . The phenomenon has been used to explore the underlying mechanisms that allow us to perceive motion. Braddick (1974 Braddick ( , 1980 proposed that two systems, a long-range process and a short-range process, are required to explain visual motion perception.
He cited a wide range of apparent motion paradigms, notably the random-dot kinematogram and the Ternus display (described below), which revealed a qualitative shift in responses at a common set of boundary conditions: spatial displacement of 20 arcmin or less; a dark interstimulus interval of under 100 ms; and monocular or binocular rather than dichoptic presentation.
Beyond these values, random dot kinematograms no longer yield a coherent motion percept; group motion dominates element motion in the Ternus display; and a bright-dark sectored annulus is seen in reversed motion (Braddick, 1980) . Braddick argued that his short-range system probably consisted of an array of directionally tuned neurons early in visual processing (perhaps in area Vl). The long-range system was described simply as being higher-level, more central, and operating on the basis of 'hypothesis-forming', or perceptual inference processes. The short-range process is commonly identified as being the same process which underlies the perception of real motion. A number of theoretical and empirical attempts have been made to determine the exact neural mechanisms which underlie this system (for instance Burt and Sperling, 1981; Bischof and Groner, 1985) . The nature of Braddick's long-range motion system has received relatively little attention.
The distinction between short-range and long-range motion has been challenged on both empirical and theoretical grounds. Chang and Julesz (1983) have shown that dmaX, the theoretical upper limit of the short-range motion, varies according to the spatial frequency of the stimuli, while Baker and Braddick (1985) have shown that dmaX also scales with eccentricity although the temporal parameters of short-range motion remain more or less constant. Conversely, Cavanagh and Mather (1989) have demonstrated that the long-range process can operate at rather small displacements. Cavanagh (1991) has argued that it is problematic to define motion systems in terms of the stimuli they will respond to instead of in terms of underlying mechanisms. Accordingly, we will use the terms 'short-range'
and 'long-range' in a purely descriptive sense, to refer to apparent motion displays with small or large spatial displacements.
In this paper, we use a visual search paradigm to test a version of the twoprocess hypothesis. We relate the short-range/long-range distinction to the distinction between features and feature conjunctions proposed in featureintegration theory (Treisman et al., 1977; Treisman and Gelade, 1980) . The theory suggests that search for a target defined by a simple feature, or visual primitive, can be conducted in parallel across the visual field without engaging focal attention, resulting in flat slopes when reaction time (RT) is plotted against the number of distractor items in' a display (Neisser, 1963; Treisman and Gelade, 1980; Treisman, 1988) . However, when a target is defined only by a conjunction of simple features, search latencies often increase linearly with display size, suggesting that serial processing is required. Treisman and Gelade (1980) proposed that attention must be focused on each item in turn (or on each homogeneous group of items) to ensure the correct binding of features. More recently, it has become clear that grouping strategies and feature-guided selection can sometimes allow rapid or even parallel search for conjunctions of features on different dimensions when their features are highly discriminable (Treisman, 1988; Wolfe et al., 1989; Treisman and Sato, 1990) . However, with the long-range motion stimuli used in the present research, this feature-guided selection strategy was clearly not available.
Feature-integration theory assumes that real motion and many instances of apparent motion are detected by a 'feature-based' motion system, which consists of an array (or arrays) of simple motion detectors operating in parallel. For longrange motion, on the other hand, we suggest that linking the successive elements that create the impression of motion poses a conjunction problem for the visual system, involving temporal as well as spatial binding. Two physically separate stimuli, presented at different times and locations, are integrated and seen as a single moving object. This requires a link to be made between the two stimuli, just as links must be made between the size, orientation, and color that characterize one object, or between the lines and curves forming a single complex shape. When more than one set of sequentially presented elements appear together, attention may be needed to select which pairs of successive stimuli belong together, just as attention is needed to select which of the simultaneously presented parts and properties characterize any particular stationary object. We will therefore refer to our hypothesized motion systems as feature-based and attentional motion systems. Several investigators have examined performance in visual search for targets
